Abstract-The authors analyzed the extent of right-to-left shunting in patients with migraine, patients with cryptogenic stroke, and controls. Patients with both migraine and stroke had larger shunts than did patients with migraine without stroke (p ϭ 0.038), patients with no migraine with stroke (p ϭ 0.007), and control patients (p Ͻ 0.0001). Patients with migraine have overall larger shunts than nonmigraineurs, particularly if they have had a stroke. Right-to-left shunting may be causally related to migraine and to the increased stroke risk of migraine. NEUROLOGY 2006;66:765-767 Gian Paolo Anzola, MD; Eva Morandi, MD; Francesco Casilli, MD; and Eustaquio Onorato, MD Migraine has long been suspected as a risk factor for stroke. A recent meta-analysis confirmed that compared with nonmigraineurs, the relative risk of having a stroke is 1.83 (95% CI 1.06 to 3.15) in migraine without aura (MAϪ), 2.27 (95% CI 1.6 to 3.19) in migraine with aura (MAϩ), and 8.72 (95% CI 5.05 to 15.05) in female migraineurs taking oral contraceptives.
However, because both PFO and migraine are common, we hypothesized that PFO in patients symptomatic for cerebrovascular disease or migraine would cause a larger right-to-left shunt than in patients asymptomatic for both conditions.
We tested this hypothesis in 420 consecutive unselected patients found positive for a right-to-left shunt on contrast-enhanced transcranial Doppler (TCD).
Methods. We reviewed all of the cases that were found to be positive for right-to-left shunt from the 1,120 diagnostic contrastenhanced TCD examinations performed between November 2001 and May 2005 in the neurosonology labs of the S. Orsola Hospital in Brescia and the Humanitas Gavazzeni Hospital in Bergamo. These represent a consecutive series of patients without major large artery atherosclerotic disease or cardioembolic sources referred for assessment with contrast-enhanced TCD for cryptogenic stroke or migraine. In subjects who were asymptomatic for migraine or stroke, contrast-enhanced TCD was mainly performed for screening purposes in relatives of PFO-positive symptomatic patients or in scuba divers, or when transthoracic echocardiography performed for whatever reason had revealed an atrial septal mobility. From each report, we extracted demographic data and relevant information regarding personal history of stroke and migraine. This was possible because any patient undergoing contrast-enhanced TCD is subjected to a standardized history taking, which includes, among others, cerebrovascular disease (CVDϩ vs CVDϪ) and migraine (Migraine, further subdivided into MAϩ and MAϪ, vs No Migraine, according to the 2004 International Headache Society criteria).
The contrast-enhanced TCD test was performed in every case according to the Consensus Conference of Venice. 8 The maximum number of bubbles recorded in each patient either during normal breathing or after Valsalva from the right middle cerebral artery was taken as the estimate of the maximum degree of shunt. Data were normalized by square root transformation.
The variables CVD and Migraine were used for patient allocation in different groups.
Statistical comparisons were performed with one-way analysis of variance (ANOVA), t test and 2 tests, when appropriate, with SPSS (version 13.0).
Results.
Four hundred twenty patients were studied. Demographic data, CVD and Migraine status in relation to shunt are shown in tables 1 through 3. Among the 700 shunt-negative patients, 127 (18%) were migraineurs, 73 (10.3%) were MAϪ, and 54 (7.7%) were MAϩ.
There was no sex difference between CVDϩ and CVDϪ ( 2 ϭ 1.503, p ϭ 0.220), but women were more numerous than men among Migraine patients ( 2 ϭ 33.667, p Ͻ 0.0001).
Overall, CVDϩ patients were older (t ϭ Ϫ4.349, p Ͻ 0.0001) and had a larger shunt (t ϭ Ϫ2.506, p ϭ 0.013) than CVDϪ patients (see table 1 ). This was taken as a confirmation of the internal consistency of the data.
By grouping patients for migraine status, both MAϩ and MAϪ patients had larger shunts than Discussion. Patent foramen ovale prevalence in migraine with aura is twice that in nonmigraineurs, and migraine is found in PFO-associated strokes twice as frequently than in stroke patients without PFO. [3] [4] [5] [6] [7] Moreover, recent evidence indicates that PFO closure favorably affects the course of migraine. 9 Taken together, these observations suggest that the link between PFO and migraine may be more than coincidental and hint at a causal relationship. A plausible hypothesis is that via the atrial septal defect, a venous to arterial passage of activated platelets or chemical substances may trigger headache by overwhelming the filtering capacity of the lung. 2 Larger shunts might also increase the likelihood of paradoxical embolization to the brain and hence explain the statistically increased stroke risk associated with migraine, particularly in women taking oral contraceptives. 1 Following this reasoning, the prediction can be made that in people with PFO, those with migraine have a larger-than-average shunt and more so those, among migraineurs, who have had a stroke.
Our findings meet both predictions. In an unselected consecutive series of PFO patients, migraineurs exhibited an average right-to-left shunt that was twice as large as in nonmigraineurs (see table 2), and those who had experienced a stroke had the largest shunt compared not only with nonmigraineurs but also with stroke-free migraineurs (see table 3 ). These findings corroborate the hypothesis that links PFO to migraine not only in terms of enhancing mechanism for aura in MAϩ, 4 but also as a trigger for the migraine attack. An increased prevalence of PFO has been reported only in MAϩ patients, whereas in MAϪ patients, PFO has the same frequency as in nonmigraineurs. 4, 5 However, even in MAϪ patients, the amount of shunt is significantly larger than in nonmigraineurs (see table 2 ). The presence of a large shunt may thus enhance the likelihood of becoming a migraineur by hastening the accumulation of triggers in the arterial side at a concentration that overcomes the clearance capability of the lung. This interpretation does not explain why the prevalence of right-to-left shunt in MAϩ patients is doubled. 4, 5 A recent report suggests that for MAϩ patients, the migraine trait may be coinherited with atrial septal defects, thus introducing a genetic basis for susceptibility to development of migraine with aura under the effect of the biochemical products of shunt. 10 Finally, migraine patients with previous stroke had the largest shunts, supporting the hypothesis that not so much migraine per se but rather the co-occurrence of PFO accounts for the increased stroke risk through the mechanism of paradoxical brain embolism.
Limitations of this study are the retrospective analysis of the data and the relatively crude classification of stroke patients. However, data collection was unbiased and conducted prospectively, and no case selection was performed. Moreover, the data set shows a remarkable degree of internal consistency inasmuch as women predominated among migraineurs, stroke patients were overall older than stroke-free subjects, migraine patients were younger than nonmigraineurs both in stroke and in strokefree groups, and CVDϩ patients had overall larger shunts than CVDϪ patients. Therefore, an inclusion bias seems unlikely. 
